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Considerable discussion has arisen at various times relative to the sterility of 
the  normal  lung  during  life.  Hildebrandt  (1)  claimed  that  inspired  bacteria 
under normal  conditions do not reach  the  lung but are  deposited in  the nasal 
passages.  Babes  (2)  stated  that  the  lungs  of normal  men  and  animals  were 
sterile.  The  findings  of  Barthel  (3)  were  similar.  Beco  (4)  found organisms 
as far as the middle of the trachea in domestic animals but believed the lungs as 
a  rule  were  sterile.  On  the  other hand,  the  assertions  that  the lungs  contain 
organisms are upheld by many.  Neisser (5) in studying sections of the lungs of 
normal guinea pigs, rabbits,  and mice encountered organisms in three instances. 
Dtirck  (6)  found bacteria in the sixteen human lungs examined.  Boni  (7)  suc- 
ceeded  in  cultivating  organisms  from  the  lungs  of fourteen  swine.  In  eleven 
instances  a  pneumococcus of  low  virulence  was  obtained.  From  two  of  ten 
guinea pigs he obtained positive  cultures.  Nenninger  (8)  states  that  the lung 
cannot be considered as a germ-free organ since it is constantly invaded by organ- 
isms of the atmosphere and those from the upper respiratory passages.  Thomson 
and  Hewlett  (9)  calculated  that  at  least  1,500  organisms  were taken  into the 
nasal  passages per hour in London.  They claim  that  the ciliary action of the 
lining epithelium  soon rids  the inspired  air of microorganisms.  They maintain 
that the lungs are sterile.  An instance cited by them is an observation by Lister 
of a  case of rib fracture in which the lung had been punctured and blood mixed 
with inspired air entered the pleural cavity.  The blood did not undergo "decom- 
position."  Lister pointed out that the particles filtered out before reaching the 
alveoli.  In many instances the exact methods of cultivation have not been given 
by various observers. 
Quensel  (10)  was  able  to  show  that:  the  lungs  were not  bacteria-free.  His 
material  was  obtained  from  the  larger  domestic  animals  immediately  after 
slaughter at the abattoir.  Pieces of normal lung were removed from the carcass 
as quickly as possible and transported to the laboratory in sterile glass containers. 
The surface of the tissue was then seared and bits removed with sterile instru- 
ments and crushed between sterile glass slides.  The crushed material was used 
to inoculate tubes of agar and bouillon.  Cultures were made from the lungs of 
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16 calves, 15 sheep, and 5 horses.  From the calves, 23 of 62 tubes showed  growth. 
Organisms were found in 19 of the 54 tubes from the sheep.  The number of the 
positive tubes from the horses was relatively higher, 11 of 19 revealed organisms. 
Streptothrix, B. subtilis, and molds made up 64 per cent of the organisms culti- 
vated.  Streptothrix were most frequently obtained.  Quensel in discussing his 
findings pointed to several possible sources of entrance.  He suggested that the 
organisms may have entered the lungs with the passive flow of contaminated 
fluids (blood, stomach contents, etc.) during slaughter, or that they may have 
been carried downward during the last violent respirations.  Air-borne contami- 
nation during the manipulations of the tissues was also considered  as a source of 
error.  He was inclined, however, to regard these organisms  in most instances as 
legitimate inhabitants of the lungs.  In sharp contrast to these findings is the 
statement that he found the lungs of guinea pigs free from bacteria. 
Quensel was able in a few instances to cultivate streptothrix and other organ- 
isms from the bronchial lymph glands of the calf, horse, sheep, and pig. 
It was known that the larger herbivora harbored organisms, but 
some doubt existed as to the presence of bacteria in the lungs of the 
laboratory animals.  Their possible source and significance seemed of 
particular importance.  With these points in view a  series of obser- 
vations and experiments was undertaken. 
Cultural Studies from the Lungs of Animals. 
The  animals  employed  were  apparently  in  good  health.  The 
smaller  animals--such  as  rabbits,  guinea  pigs,  mice,  etc.--were 
chloroformed.  It  is  customary to  kill  calves  by  stunning with  a 
heavy blow on  the head,  the  trachea is  quickly damped,  and  the 
large  neck  vessels  severed.  The  same methods were  employed in 
certain instances in  the  smaller animals but it was found that the 
method of killing did not materially alter the findings in the case of 
the rabbit or guinea pig. 
The hair over the chest of the laboratory animals was shaved and 
the skin cleansed with 5 per cent phenol followed by alcohol.  The 
skin was reflected and  the  underlying musculature seared.  A  tri- 
angular window of ribs  and  sternum was removed with sterile in- 
struments.  Small  pieces  cut  from  the  borders,  furthest  removed 
from the trachea, of the various lobes were added to tubes of media. 
In calves large pieces from the borders of two lobes were removed with 
sterile instruments through incisions in the  chest walls.  From the F.  s.  JONES  319 
external edges of these small pieces were used for cultivations.  Rel- 
atively  simple  media, such as slanted plain agar and agar to which 
a  few  drops  of  defibrinated horse  blood  had  been  added  and  veal 
infusion  bouillon  were  employed.  The  bits  of  tissue  were  pushed 
TABLE  I. 
Results of the Bacteriological  Examinations of the Lungs of Normal Animals. 
Animal. 
Calves. 
Rabbits. 
Guinea pig~. 
White mice. 
"  rats. 
~ed. 
74 
50 
72 
36 
36 
No. of  N 
tubes in  tube 
oculate¢  ins 
). of 
show- 
rowth. 
63 
42 
54 
11 
13 
Kinds of organisms. 
Streptothrix,  45. 
B. subtilis,  6. 
Molds,  8. 
Cocci,  2. 
Mixed  (B.  subtilis  and 
streptothrlx),  2. 
Streptothrlx,  5. 
23. subtilis,  20. 
Molds,  7. 
Cocci,  7. 
Mixed (B.  subtilis,  strep- 
tothrix, and mold),  3. 
Streptothrlx,  39. 
B. subtills,  I0. 
Molds,  3. 
Cocci,  2. 
Streptothrix,  5: 
B. aubtilis,  3. 
Cocci,  3. 
Streptothdx,  1. 
B. subtilis,  2. 
Cocci,  2. 
Molds,  8. 
down over the surface of the .slants into the condensation fluid.  All 
tubes were  sealed with sealing wax.  Tubes  were  incubated for  14 
days at 38°C. 
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The results recorded in Table I  are striking.  Among the herbi- 
vorous animals the proportion of tubes showing growth is consistently 
high, varying from 75 per cent in the case of the guinea pig to 85 per 
cent in the instance of the calf.  In not a  single instance did all  the 
tubes inoculated from the lung remain sterile.  The proportion of 
positive tubes from the mouse and rat is much lower, 31 and 38 per 
cent respectively. 
It is probable that two of the sources suggested by Quensel for the 
presence of organisms in the lungs have been ruled out.  The rela- 
tively simple technique precludes contamination to any great degree 
through manipulation of the tissues.  That fluids such as blood and 
regurgitated material cannot enter the clamped trachea is obvious. 
Regurgitation of stomach contents has not occurred in the smaller 
animals killed with chloroform. 
The following facts tend to show that the organisms are within the 
lung.  If  tubes  containing bits  of  lung  are  examined  at  frequent 
intervals,  the filaments or tufts of streptothrix are frequently seen 
growing out of the borders of the tissue mass.  This has been ob- 
served repeatedly on both the pleural and cut borders.  The rapid 
growths of Bacillus subtilis and molds begin from the water  of con- 
densation and extend upward. 
Quensel's  third  contention,  however,  that  organisms may  have 
gained  access  during  the  last  deep  respirations  is  doubtless  true. 
Should this be admitted, then it must be assumed that at many of the 
deep inspirations during life organisms may reach the lungs. 
A striking feature is the great similarity of the type of organisms 
encountered in  the various species, particularly in  the herbivorous 
animals.  Streptothrix appeared 87 times, Bacillus subtilis 41, molds 
25.  Practically all the organisms met with are spore bearers.  It is 
well known that they are particularly abundant in hay and straw. 
It seemed probable that they originated in the hay and straw and were 
taken into the respiratory tract.  This would account for the larger 
proportion  cultivated  from  the  herbivorous  animals  and  explain 
their small numbers in the mouse and rat. ~'.  s.  joN~s  321 
EXPERIMENTAL. 
To establish this hypothesis a series of experiments was undertaken. 
Experiment  /.--Full grown healthy rabbits were placed in sterile individual 
cages in a separate unit and fed the usual ration of oats, hay, and mangels.  All 
food was washed thoroughly in running water and fed while moist.  Newspapers 
were used for litter.  All litter and uneaten food were removed daily.  The con- 
trol rabbits received the same ration unwashed and fed dry.  After periods of 
11  days to 2 weeks the animals were cl-loroformed  and cultures prepared from 
the borders of the lungs.  Bits of tissue the same size were used in cultivating 
from both groups of rabbits.  The results are given in Table H. 
TABLE  II. 
Influence of Moistened and Dry Food on the Number of Organisms Found in the Lung. 
Animal. 
Experimental rabbits 
(fed  washed hay 
and oats). 
Control rabbits  (fed 
in  usual  manner). 
No. 
examined. 
No. of 
tubes in- 
oculated. 
48 
44 
No. oftubes 
showing  growth. 
14 
(29 per cent). 
40 
(91 per cent). 
Kinds of organisms. 
Streptothrix,  7. 
B. subglis,  7. 
Streptothrlx,  11 
B. subgHs,  22 
Molds,  1. 
Mixed  (streptothrix,  B. 
subtilis, and molds),  6 
The  results  recorded  in  Table n  are  significant.  The  actual  de- 
crease in  the  number  of  tubes  containing  growth  is  striking.  The 
inference that forms usually occurring in  hay and  straw may  reach 
the  lung  is  well  founded.  Similar  experiments  were  tried  on  1:he 
guinea pig.  A  diminution  always occurred in  the  number of  tubes 
containing organisms but the results were never so striking. 
By modifying the  experiment somewhat the results obtained were 
very much the  same. 
Experiment 2.--Guinea pigs of the same age were divided into three lots.  The 
cages and the litter were similar for each lot.  All were kept in the same general 
atmosphere.  One lot was fed on cabbage and oats, another lot was fed on grass 
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period of 1 month all the animals were killed and cultures prepared from the lungs. 
Since the results from the cabbage-fed and grass-fed animals were the same, they 
have been grouped together in Table III. 
Much the same result was obtained in the case of the guinea pigs 
as in the rabbits under practically dust-free conditions.  The diminu- 
tion in  the number of tubes showing growth from those kept in a 
reasonably clean atmosphere by withholding dry food matter is quite 
TABLE  Ill. 
Results of Cultivations from the Lungs of Guinea Pigs Fed Grass and Hay. 
Animal. 
Guinea  pigs  (grass  or  Cab- 
hage fed in place of hay). 
Control  guinea pigs (ration 
the same except hay was 
fed). 
No. of 
No.  tubes in- 
examined,  oculated. 
38 
37 
No. of tubes 
showing growth. 
10 
(26 per cent). 
33 
(89 per cent). 
Kinds  of organism. 
Streptothrix,  8, 
B. subtilis,  1, 
Molds,  1, 
Streptothrlx,  22, 
l 
B. subtilis,  7, 
Molds,  4, 
remarkable.  The  few  organisms  encountered in  the  experimental 
lots  probably  originated  in  the  general  atmosphere.  In  species 
thickly covered with hair there is no reason to suppose that spores 
may not exist for long periods.  Methods to control ~is factor were 
not employed. 
It is interesting to compare the results of the lung cultivations of 
the mice and rats recorded in Table I  with those given in Tables II 
and III for rabbits and guinea pigs whose environments in general 
paralleled those of the rats and mice.  The proportion of tubes show- 
ing growth is comparable.  The rats and mice examined were kept in 
the same room with the other experimental animals.  The same litter 
was used.  The ration consisted of dog biscuit and whole corn.  Hay 
or straw was not used in the cages.  It seemed possible to account 
for  the  smaller number of organisms by  the  absence  of materials 
heavily contaminated with spores.  There was a possibility of some 
differences in  anatomical  structure  of  the  upper  respiratory  tract 
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Experimen~  3.--To  test  these  points,  twelve  mice  were  divided into  three 
groups.  Each group was placed in a glass jar and received the same food.  Lot 1 
was given sawdust for litter and fed the usual ration of dog biscuit and corn.  In 
the case of Lot 2 a mixture of finely cut straw was used for litter, the ration was 
the same as for Lot 1.  With Lot 3 the litter consisted of finely cut newspaper 
which was changed daily.  Both the corn and dog biscuit were sterilized in the 
autoclave for 20 minutes.  After 8 days the mice were chloroformed and examined. 
The results are recorded in Table IV. 
As a result of this experiment the fact that the flora of the lungs of 
the mouse can be influenced markedly by variations in the immediate 
TABLE  IV. 
Proporlion  of Organisr,~  Obtained  from  the  Lungs  of  White  Mice  Kept  under 
Ordinary, Dusty, and Dust-Free Conditions. 
Lot 1.  Ordinary  conditions.  Lot 2.  Straw  as litter.  Lot 3.  Dust-free  conditions. 
Mice,  4. 
Tubes inoculated,  20. 
"  showing growth,  9. 
"  remaining  ster- 
ile,  11. 
Tubes positive, ~er cent, 45. 
Growth  obtained from 
the lungs of all mice. 
Mice,  4. 
Tubes inoculated,  20. 
"  showing  growth,  16. 
"  remaining  ster- 
ile,  4. 
Tubes positive, per cent, 80. 
Growth  obtained from 
the lungs of all mice. 
Mice,  4. 
Tubes inoculated,  20. 
"  showing growth,  1. 
"  remaining  ster- 
ile,  19. 
Tubes positive, l~er cent,  5. 
No  growth  obtained 
from  the  lungs  of 
three mice, 
environment is brought out.  Mice under ordinary conditions (Lot 1) 
show a moderate number of organisms within the lungs.  The num- 
ber can be increased until they approximate those found in the guinea 
pig or rabbit under normal conditions by subjecting them to the usual 
environment of the latter species.  Evidently anatomical conditions 
are not responsible for the relatively few organisms encountered under 
usual methods of life.  In Lot 3, in which the air was relatively free 
from dust and the spores of many forms,  probably  few  organisms 
reached the lungs. 
The experiments all tended to point to the immediate environment 
~s the source of the organisms cultivated from the lungs.  By with- 
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straw, it has been possible to influence markedly the number of spore- 
bearing organisms cultivated.  If it were possible to show that the 
streptothrix isolated from the lung resembled those found in the dust 
from hay,  the  chain of evidence would be  complete.  It has been 
stated that streptothrix are present in the greatest number of cultures. 
It was determined_ to compare the common lung strains with those 
obtained by exposing sterile plates to dust from hay and straw. 
TABLE  V. 
Characters of the Streptothrix  Obtained from the Lungs  of Various  Animals and 
Plates Exposed to the Dust of Hay and Straw. 
Source and No. of strains. 
Lungs of gulnea pigs,  26. 
"  "  rabbits,  4. 
"  "  calves,  6. 
"  "  mice,  S. 
Plates  exposed  to  hay 
and straw,  5. 
Lungs of guinea pigs,  3. 
"  "  calves,  4. 
"  "  mice,  4. 
Plates  exposed  to  hay 
and straw,  2. 
Gram's 
stain. 
+ 
+ 
Hemolysis 
in  horse 
blood 
agar  plate 
culture. 
+ 
Milk. 
Coagulated, al- 
kaline,  curd 
peptonized. 
Final 
hydrogen 
ion  concen- 
tration 
in dextrose 
bouillon. 
pR 
7.6-8.6 
7.5--8.6 
Gelatin. 
Liquefied 
All  cultures  were  Gram-positive  filaments  with  true  branches. 
The surface growth always became chalky as the media dried and the 
characteristic fragmentation of the filaments with the production of 
arthrospores was observed.  Most of the cultures had a characteristic 
penetrating musty  odor.  Their  biochemic activities  are  given  in 
Table V. 
The general characters of the streptothrlx from the lungs  of  the 
guinea pig, rabbit,  and calf resemble those obtained from  hay  and F.  s.  joints  325 
straw.  All liquefy gelatin, coagulate milk, and peptonize the  curd. 
Alkali is produced in dextrose broth and milk.  Some hemolyze horse 
blood in agar plate cultures, others fail to do so.  The predominating 
color on potato is yellow, yellowish white, or orange.  The rapidity 
with which gelatin and casein are digested varies in different cultures. 
Unfortunately, these are the characters given for most of the strepto- 
thrix but radical departures from these types have not been met with 
so  that  one feels  safe in  considering these organisms of the  same 
group. 
Quensel was  able  to  cultivate  streptothrix  and  Bacillus  subtilis 
from the bronchial lymph glands of various animals in a few instances. 
TABLE  VI. 
Results of Inoculations from the Bronchial Lymph Nodes of Guinea Pigs. 
lqo. of animals  No. of tubes  No. of tubes  Kinds of organisms. 
examined,  inoculated,  showing growth. 
11  63  42 
(66J per cent). 
Streptothrix,  28. 
B. subtilis,  11. 
Cocci,  1. 
Short rods,  1. 
Pleomorphic rods,  1. 
To  augment his  findings and  perhaps  throw  some light  on  their 
significance in the lymph glands a  series of cultivations was made. 
The bronchial lymph glands in the guinea pig are easily visible and 
small enough that all of them may be used for culture material.  A 
relatively simple technique has been devised with which the liability of 
contamination has  been  reduced  to  a  minimum.  The  results  are 
given in Table VI. 
66] per cent of the tubes showed growth.  In no instance were all 
the  bronchial lymph nodes from  any guinea pig sterile.  The  or- 
ganisms encountered are similar to those observed in the lung and 
probably were forms that had been taken into the alveoli and smaller 
bronchioles and transported to the draining lymph glands. 
The  mechanism  of  phagocytosis  of  bacteria  and  other  foreign 
bodies within the lung has been studied by many.  The more plausible 
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and certain bacteria are taken up by endothelial cells from the blood 
vessels.  These cells make their way into the air space, and pass out 
through the walls entering the lymph spaces and ultimately reach the 
lymph nodes.  This seems to offer a satisfactory explanation for the 
appearance of certain organisms in  the lymph nodes.  It has been 
possible to study certain  phases  of  this  mechanism.  If  spores  of 
streptothrix and finely divided particles of carmine, or the dye and 
Bacillus subtilis are suspended in salt solution and injected intratra- 
cheally into guinea pigs, after 1 or 2 hours cells which have taken up 
both materials can be demonstrated in wet preparations or in stained 
films from the lungs.  Many of these cells in size and general mor- 
phology conform to the macrophage.  Streptothrix in large numbers 
may be recovered from the bronchial lymph glands 12  to  18 hours 
after their injection into the trachea. 
Quensel was able  to isolate organisms in but a  small number of 
instances from the lymph glands of horses, calves, sheep, and swine. 
The great differences which have been found in the guinea pig may 
be explained on the proportionate bulk of the tissue examined.  With 
the larger animals comparatively little material was actually cultured. 
All the visible bronchial lymphoid tissue was used from the guinea 
pig.  In the large animals the distances to the draining lymph glands 
are greater and a longer time interval is afforded for the destruction 
of phagocytosed organisms before the phagocytes reach the draining 
lymph nodes. 
DISCUSSION. 
From the preceding experiments it is obvious that the lung is readily 
invaded by air-borne organisms.  It hardly  seems possible that or- 
ganisms the size of streptothrix, the type most frequently found, the 
molds, or even bacteria of the subtilis group are capable of vegetating 
and multiplying within either the smaller bronchi or alveoli.  Even 
moderate multiplication would doubtless lead to serious mechanical 
disturbance.  It seems more reasonable to assume that the spores of 
these various types which abound in dry vegetable matter are taken 
into  the  respiratory  tract  with  each  inspiration.  During  deeper 
breathing a number must reach the smaller air passages and alveoli. 
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appears warranted when it is considered that only borders furthest 
removed from the principal bronchi were used for cultivation.  Tufts 
of streptothrix were observed to grow through the pleura as well as 
the cut surfaces, evidently in these instances they were closer to the 
pleura and grew from alveoli. 
The organisms are non-pathogenic when injected subcutaneously. 
The spores then are comparatively inert and are taken care of by the 
same mechanism that functions in  the case of  coal dust and other 
inert matter.  This seems to explain their presence in the bronchial 
lymph nodes.  It may be argued that the cells responsible for phago- 
cytosis do not in all instances destroy the injected spores promptly. 
Some certainly reach the lymph glands in a  viable condition and are 
doubtless ultimately destroyed  there.  Rous  and  Jones  (13)  were 
able to show experimentally that living phagocytes were enabled to 
protect injected organisms from the action of destructive substances 
in the surrounding fluid.  Briscoe (14) in his experiments on phago- 
cytosis in the lungs following intratracheal injection of bacteria and 
foreign blood corpuscles showed  that  after  1  or 2  hours the non- 
pathogenic organisms and red cells had been taken up by mononuclear 
cells.  The  polymorphonuclear leucocytes  did  not  appear  to  any 
great  extent  until later.  Briscoe's interpretation  of  the  origin  of 
these mononuclear cells differs from that of Haythorn and Permar. 
It has been possible with calves to augment the reported findings. 
The most frequent organisms encountered in the normal nasal pas- 
sages of calves have been streptothrix and molds.  It has been possible 
to cultivate similar organisms from the trachea.  The experiments in 
which mixtures of carmine and spores  and carmine and vegetative 
forms were injected into the trachea and in many instances taken up 
by large cells with single nuclei are additional evidence for the hypo- 
thesis.  The  recovery  of  streptothrix  from  the  bronchial  lymph 
glands in large numbers 12 hours after the injection into the trachea is 
also significant. 
Cocci of various kinds have been cultivated in a  relatively small 
proportion of animals.  The assumption has been to regard them as 
originating in the upper respiratory tract. 
There is no reason to assume a  different route of entrance in the 
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are probably no more capable of keeping out the small vegetative 
pathogens than the spore forms of the non-pathogenic varieties. 
The observations have some practical bearing for those interested 
in the study of respiratory disease, especially in species like the rabbit 
and guinea pig.  By withholding  spore-bearing subtances, such as hay 
and straw, it is possible to cut down the number of contaminating 
organisms.  This is of considerable value where small, oftentimes in- 
distinct loci of consolidation are met with. 
It has been possible to show that the lungs of such animals as the 
calf, rabbit, guinea pig, white rat, and white mouse are readily invaded 
by organisms.  The most frequent types observed in cultures from the 
border of the lungs have been streptothrix, molds, and bacteria of the 
Bacillus subtilis group.  These forms originate in certain dry food- 
stuffs (hay and straw).  By withholding  or moistening these materials 
it has been possible to diminish the number of organisms in the lungs. 
When these materials have been supplied to mice whose lungs under 
usual conditions contain only a few organisms, the number of positive 
cultures increases and is comparable with those of the larger animals. 
The bronchial lymph glands of all guinea pigs examined developed, 
in 66{ per cent of the tubes, organisms similar to those obtained from 
the lungs. 
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